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The global view of the cloud diurnal cycle
has changed recently
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1) Observe how the Relative Humidity profiles and
Cloud profiles respond to the solar diurnal forcing

across the Tropics

2) Test the model physic



1) Observe how the Relative Humidity profiles and
Cloud profiles respond to the solar diurnal forcing
across the Tropics

2) Test the model physic

Observations collected recently by low-orbiting satellites => diurnal cycle

- Relative Humidity Profiles from SAPHIR on-board the Megha-Tropiques (Brogniez et al. 2011)
- OLR from ScaRaB instrument on-board the Megha-Tropiques satellite (Roca et al. 2015)

- Cloud profiles from CATS Lidar on-board the International Space Station (York et al. 2019)

Simulations with the LMDz6 GCM with COSPv2/lidar, AMIP type run, high frequency outputs

Time Period: June- July-August 2015-2016-2017



Observations of the diurnal cycles

OCEAN N

LAND

Relative Humidity

oceanic / w500 > 30 / JJA 2015-2017

Kkm OCEAN w500 > 30 JJA 2015-2017

0% -.

6 2 4 & & 10 12 14 15 18 20 22 o4 0 2 4 6 8 0 12 14 16 1B 20 2 M
Local Time (hrs) Local Time (hrs)

I %,70% #

Opaque Clouds Fraction

Thin Clouds Fraction

00°~."4“ —
8 10 12 14 16 18 2 2 24

Local Time (hrs)

OCEAN w500 > 30 JJA 2015-2017

20%
16
=
L
4
- 0%

cF Turm

CF Thin P/c

20%

CF Thin [ %]

R
0y - M EER———
6 2 & & & 1o 12 14 156 18 20 22 o4 0 2 4 6 8 10 12 14 1B 1B 20 2 2 8 10 12 14 18 18 2 2 20
Local Time (hrs) Local Time (hrs) Local Time (hrs)
20
16
12y 2 E
§ = o
8 5
20 ~
10 ° 7 4 -
°0A) zopaque, avg= 8.2 0,
o - OOA;
0 2 4 6 8 10 12 14 16 18 20 22 24 2 4 6 8 10 12 1w w® 1w W 2
Local Time (hrs) Local Time (hrs) lcc’\l Time (h 5
—— 20
0,
£70% - : 20
I < 7 0% - . 6
° . 16
I | o
50 - 12% Bl
40 %
@ 3 ©
30 g ©
20 ©
a -
——— °O‘V
AR S . L o o o%
0 2 i & & 1o 1o 4 16 18 2o 22 2 2 4 6 8 W 1 1w 1 1B 2 2 0 12 o1
Local Time (hrs) Local Time (hrs) Local Time (hrs)
(y 20
—— 0% -
o 16
60 N
B gH
50 12y
40 g
30 8 o
S
20
I <« «
mo 4
0 A) zopaque, avg= 7.9
-—— P B e e e b e b e 0o =
0 2 4 & 8 10 12 14 16 18 20 22 24 2 4 6 8 1 1 W 1w W 0 2 8 1 12 1 16

Local Time (hrs)

Local Time (hrs) 24

Local Time (hrs)

0 Local Time(hrs)

24

|O%

Local Time (hrs)

0 LocaITlme(hrs) 24
Chepferetal.,

under review



Oceanic Ascent: Obs in relative anomaly .wrt. daily mean
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Thin cloud positive relative anomaly in the boundary layer 0-6am and tied to RH in free troposj



Oceanic Ascent: focus on the upper troposphere (> 5 km )
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Oceanic Ascent: focus on the lower troposphere (<5 km)
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The observations show an enhancement of the
condensed water (thin clouds) very close to the
surface (<1km) at late night (LW slight surface warming)



Oceanic Ascent: comparison with GCM

Relative Humidity
15%

%

15
10

o N

a 5

. 0 @ -
-5

<
-10 <
-15

o

22 24'15%
24

[EEN
[e)]
=~
3
16

J
16

400 200

600

OBS

800

3 Ocean Asc

0k

1000

[ e 10 VA 1 | 2
Local Time (hrs)

Local Time(hrs)

B
g
R

-4

LY up anomaly s daily mean (Wi
o

-4W/m

RH diurnal cycle relative anomaly profile (%)
LMDZ-AMIP JJA_2006-2014 30S-30N ocean w500asc

Opagque Cloud relative anomaly profile diurnal cycle (%)

5

Opaque Clouds Fraction
1%

zopaque, avg= 8.2

012 6 18 0 2
Local Time ( m )

e OCeaN W500>0
ocean wS00<0

N N

Thin Clouds Fraction

10 h 10
08 . 08
06 £ o 06

) >
5 B 3
04 < 04 ¢
4 <
02 2 02 g
00 g = 00 2
023 —02%
04 & g

O T
Local Time (hrs)

0.4K

ERAS - 30S 30N OCEAN - 2015 2016 2017 JJA

—— W500 > 0, subsidence
W500 < 0, convection

e N

0.4
-04K o o o o L e e s

02

Red Red

e anomaly vs daily mean [deg]

] 3 6 9 12 15 18 21
Local time

15% Cloud anomaly profiles diurnal cycle from

16 km
LMDz N
+COSPv2 .
okm . . 15%

Lecal Time (howr)

0 Local Time(hrs)

o~—_5— 1 15

20
Local Time (hour)
d) OLR anomaly diurnal cycle
LMDZ-AMIP JJA_2006-2014 30S-30N

N

4 W/

N

|
N

-4 W/

N

3 up anomaly vs daily mean (WB)
°
i

—— ocean w500 > 0
ocean w500 < 0

OLR

3 6 9 12 15 18 21 24

Local time

24 Local time

LMDZ-AMIP JJA_2006-2014 30S-30N ocean_w500asc
Thin Cloud relative anomaly profile diurnal cycle (%)

NEC 1%

0.75 14 1 0.75

0.50 12 4 0.50

0.25 0.25
=

000 & 8 0.00
2

=03 = 61 —0.25

—0.50 4 —0.50

—0.75 —0.75

—1.00

-19% SST
b) Skin Temperature anomaly diurnal cycle
LMDZ-AMIP JJA_2006-2014 305-30N

©
]

10 15
©ocal Time (hour)

20

-1%

—— oCean w500 > 0
ocean w300 < 0

0.15

Red 0.2

Red

Temperature SRy vEPRYy mesn 0

Local time



Land Ascent: Obs in relative anomaly .wrt. daily mean
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Land Ascending air regions: comparison with GCM
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Oceanic moderate subsidence: comparison with GCM

Relative Humidity Opaque Clouds Fraction Thin Clouds Fraction
16 km 15% O e |60__%

7

0 zopaque, avg= 34 &

8 % r > -

wv i 10 40 g 40

@ = ™ - g

E & 2 < 20 g
OBS % q 3 <

] i 5 © - 0 = 0 5

3 3 :

s A 20 g 20a

¥ -10 - - : z E

c 40 8 = 40 £

(1]

g : 5% "N -~ Fuee | I.w§0% e Imgog

0km

0 2 R 6 B W 12 W ¥ W 20 2 M 0 8 W 12 14 W 18 2 2 M

RH diurnal cycle relative anomaly profile (%) 0, d anomaly profiles diurnal cycle from LMDZ-AMIP JJA_2006-2014 30S-30N ocean_w500mod_suk
LMDZ-AMIP JJA_2006-2014 30S-30N ocean W500m0d_g;l|!5 /0
15

aque Cloud relative anomaly profile diurnal cycle (%) 0 Thin Cloud relative anomaly profile diurnal cycle (%) O
16 km - 16 1%
200 1 14 0.75
1
21 2 0.50
Model _ oo . el
E E
COSPv. | o il
2 600 =
+ V¢ 4 1 = 6 =0
.
4 —0.50
00
L] s o
O kml O+ & o~ - v — o — 1 _TRUAo 2 4 s =8 6 8 o 2 a 6 8 10 12 14 16 18 20 22 24 71'0(6
0 2 4 L] 0 g2 a4 a6 i Lofal Time (hour) Local Time (hour’ ) - 1 A)
LLLLLLLLL (hour) .
Local Time(hrs) Local Time(hrs) 0 Local Time(hrs) 24

Almost no cloud diurnal cycle in the model (<1%) compared to observations

NB: the model daily mean state is wrong (not shown here)



Summary

* Recent space-borne instruments observe the diurnal cycle of cloud
profile and relative humidity profile across the Tropics

* The LMDZ model does not reproduce the observed diurnal cycles.

The daily mean clouds profile and relative humidity profile are biased in
the model (not shown); these biases influence the diurnal cycle biases.

* Does that matter if the diurnal cycle is biased in the model ?

“some fast processes shape the long term response... based on intuition
(cloud changes are fast) and based on examples in the literature”



Supplementary



Daily mean Profiles of HR, Thin Clouds, Opaque Clouds: Obs & Models
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Daily Means Obs & Model
I e P el
ascent ascent

OLR (W/m2)
Absorbed SW (W/m2) 302 276 330 309
Skin Temperature (K) 298.8 298.8 299.9 298.0
Cover Opaque clouds 8.3 30 17.5 27.4
(%)
Cover Thin clouds (%) 22.8 40.3 32.2 42.1
Cover Clear sky (%) 68.9 29.7 50.3 30.5
z-opaque (km) 5.7 7.9 3.1 8.2
Land Land Ocean Ocean
subsidence ascent subsidence ascent
OLR (W/m2) 2AT 252 271 239
Absorbed SW (W/m2) 287 265 301 283
Skin Temperature (K) 299.6 298.5 298.6 299.9
Opaque cloud cover ((20) 23.3 372 35.9 48.1
Thin cloud cover ( 26) 6.1 11.4 Lo 12.5
Clear sky cover ( 20) 70.6 51.4 56.4 39.4
Z_opaque (km) 4.3 6.6 2.7 6.0

Table 1 : Daily mean values over the four tropical areas (30°S-30°N) for 9 years of the LMDZ-
AMIP+COSPV2 run.




Oceanic subsidence air regions: comparison with GCM
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Oceanic Strong subsidence air regions
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Land Subsiding air regions: in Relative Daily anomalies (equation)
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Figure 3. Composites for the selected regions marked by rectangles in Figure 2b, with line thickness and color pigment
proportional to magnitude of IWP (or SW*; Figure 1). (a) Mean vertical pressure velocity @ (gray-black; hPa/hr) and
SW* averaged from 11-12 L (reds; K/day), and @ (deviation from daily mean) averaged over (b) 00-06 and (c) 12-18 L.
{d) As in (b) and (c) except for the diagnostic motion due to SW axw. (e-g) As in (a)-{(c) except with cloud liquid water
(g.; red) and cloud ice (g;; blue; mg/kg). Profiles of g, and g; (=0) for CTL are only included in panel (d), with the daily
mean (thick dashed) and means for 00-06 and 12-18 L (thin dashed) as labeled. Lastly, time series of (h) rainfall
(mm/hr), (i) liguid water path (LWP; 10~2 mm), and (j) IWP (10> mm = g/m?) with time means subtracted.

ATL = Atlantic; CTL = control; EPAC = East Pacific; I0 = Indian Ocean; IWP = ice water path; LWP = liquid water
path; SPCZ = South Pacific Convergence Zone.



Maps of Grid Box Number of Occurrence in the MTCC Dataset
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